The kingdom of Saudi Arabia includes fauna from three zoogeographic regions: the Afrotropical, the Palaearctic, and Oriental regions (Fig. 1) . Most of Saudi Arabia, including northern and eastern Jeddah, lie within the Palaearctic Region, the southwestern mountains, including Al Baha, Abha, Jizan, and Najran lie within the Afrotropical Region; and the southeastern area and a part of the eastern provinces of Al Hassa and Al Dammam are considered as an extension of the Oriental Region. These regions reßect mosquito species distribution patterns based on virtual geographical boundaries that may overlap. In addition, mosquito distributions in Saudi Arabia have been directly affected by anthropogenic activities. Previous reports of mosquitoes from the Arabian Peninsula, including Saudi Arabia, include species from the three regions (Mattingly and Knight 1956; Harbach 1985 Harbach , 1988 .
The purpose of this article is to provide an illustrated key to the fourth-instar larvae of the mosquito species known to occur in Saudi Arabia for use in the medical entomology surveillance programs. Keys are available which treat larger geographical areas or selected taxa (Mattingly and Knight 1956; DuBose and Curtin 1965; Gillies and de Meillon 1968; Harbach 1985 Harbach , 1988 Amerasinghe et al. 2002) but not Saudi Arabia speciÞcally. Zahar (1973) , Bü ttiker (1981), Will et al. (1985) , Abdullah and Merdan (1995) , Jupp et al. (2002) , and Miller et al. (2002) have included some aspects of the species distributions or disease transmission in Saudi Arabia. Other articles that are useful but out of date include Edwards (1921) , Seguy (1924) , Kirkpatrick (1925) , Monchadskii (1951) , Mattingly and Knight (1956) , Senevet and Andarelli (1959) , and Gutsevitch et al. (1974) . Stone (1960) described a new subspecies Uranotaenia unguiculata pefflyi from Qatif, Saudi Arabia, and Huang (1977) reported Fredwardsius vittatus (Bigot) (as Aedes vittatus) in Wadiyain. No updated key to the fourthinstar larvae of mosquitoes is presently available for the region since the work of Mattingly and Knight (1956) . Also, these authors did not include Culiseta subochrea Edwards and Uranotaenia unguiculata Edwards in their identiÞcation keys. Nevertheless, Shidrawi and Gillies (1987) updated the Anopheles Meigen identiÞcation keys for both adult females and fourth-instar larvae of the Arabian Peninsula, recording An. paltrinieri Shidrawi & Gillies for the Þrst time from Oman and the United Arab Emirates, elements of the Oriental Region. Their paper did not list material from Saudi Arabia. Al Ghamdi et al. (2008) listed An. arabiensis Patton, a member of the An. gambiae complex, from Jeddah. Also, Glick (1992) recorded adults of An. arabiensis from Saudi Arabia. No larval material of this species was available for this study. A forthcoming investigation will address the adults, discuss species distributions, and attempt to elucidate taxonomic questions such as the occurrence of hybrids and other species recognition problems. For example, the fourth-instar larvae of Anopheles gambiae Giles s.l., Anopheles tenebrosus Dö nitz, Anopheles culicifacies Giles s.l., and Culex. pipiens L. exhibit morphological variation, requiring the study of additional material from throughout Saudi Arabia.
Materials and Methods
Fifteen collection sites (Table 1 ) were selected to represent three different zoogeographical regions in Saudi Arabia (Fig. 1) . The chain of southwestern mountains (Al Tharwat mountains), including Abha, Al Baha, Jizan, and Najran, lie within the Afrotropical Region, whereas the southeastern and eastern provinces of Al Dammam and Al Hassa are an extension of the Oriental Region. In addition, the northern areas of Saudi Arabia, including Al Madinah, Bureidah, Dwadmi, Jeddah, Makkah, Riyadh, Tabouk, Taif, and Wadi Al Dawasir, lie within the Palaearctic Region (Mattingly and Knight 1956) . Each collection locality was visited on four occasions monthly for two successive years (2005Ð2006), and all possible larval habitats were surveyed. Spatial coordinates and habitat types were recorded for each larval sample. Typical sites included artiÞcial containers, depressions, irrigation ditches, drainage ditches, small vernal pools, ponds, stream margins, wetlands, and uncultivated Þelds. A standard 350-ml plastic dipper (BioQuip, Gardena, CA) with extendable handle was used to sample larvae. Ten dips of 350 ml at each collection site were taken. Plastic droppers were used to sample larvae from sites where the plastic dipper was too large. Third-and fourth-instar larvae were immediately preserved in 80% ethanol. All samples were sent to the Entomology Laboratory, College of Food and Agri- Genus abbreviations: Ae., Aedes; Am., Aedimorphus; An., Anopheles; Cs., Culiseta; Cx., Culex; Fr., Fredwardsius; Lt., Lutzia; Oc., Ochelrotatus; St., Stegomyia; and Ur., Uranotaenia. Asterisk (*) indicates a new occurrence record.
cultural Sciences, King Saud University, Riyadh. Late larval instars were mounted in PuriÕs media after clearing in chloralhydrate/phenol (1:1) for identiÞcation. Keys to the fourth-instar larvae were prepared by examining material and adapting previously published keys by Mattingly and Knight (1956) , Shidrawi and Gillies (1987) , Harbach (1985 Harbach ( , 1988 , DuBose and Curtin (1965) , Gillies and de Meillon (1968) , Amerasinghe et al. (2002) , Azari-Hamidian, and Harbach (2009) . The morphological characters of fourth-instar larvae were photographed using a Nikon DS-Fi1 camera 12mp Þxed on Nikon microscope eclipse 80i. Photoshop version 7.0 ME (Adobe Systems, Mountain View, CA) was used to prepare Þnal images. Generic abbreviations follow Reinert (2009) , and current scientiÞc names and morphological terminology follow the Mosquito Taxonomic Inventory (Harbach 2007) . Voucher specimens are deposited in the museum of the Plant Protection Department, Food and Agricultural Sciences College, King Saud University. Dupli- cate material also was deposited at the Human and Animal Vectors of Diseases Unit, Food and Agricultural Sciences College, King Saud University, and the Natural History Museum, London.
Results and Discussion
Thirty-three mosquito species belonging to nine genera were recorded from the Kingdom of Saudi Arabia. Six additional species, Anoheles culicifacies s.l., Anopheles subpictus Grassi s.l., Culex. arbieeni Salem, Culex. simpsoni Theobald, Culex univittatus Theobald, and Ochelrotatus detritus Haliday, are newly recorded for Saudi Arabia based on the identiÞcation of fourthinstar larvae (Table 1) . In addition, Cs. subochrea, known from a single specimen collected from Al Hasa Province, is tentatively listed. Abdullah and Merdan (1995) previously recorded this species from Abha, Asir, but their material was not available for comparison. Also, the keys in Harbach (1985 Harbach ( , 1988 and Mat- tingly and Knight (1956) did not include this taxon. Examination of additional material is required to conÞrm these identiÞcations. Also, Al Ghamdi et al. (2008) (Shidrawi and Gillies 1987) were collected during the current study. Glick (1992) misidentiÞed as Ochelrotatus caspius Pallas, because previously collected material that was reexamined was not correctly identiÞed. Godsey et al. (2003) reported Stegomyia unilineata (Theobald) (as Aedes unilineatus) in Saudi Arabia, but this species was not found during the present investigation. Likewise, Bü ttiker (1981) recorded the Afrotropical Culex (Culiciomyia) nebulosus Theobald in Saudi Arabia, but it was not collected during the present investigation. 
Genus Uranotaenia Lynch Arribálzaga

Ur. (Pseudoficalbia) unguiculata Edwards
Key to Subfamilies and Genera of Fourth-Instar Larvae
1a. Siphon absent (Fig. 2a) (Fig. 2b) (Culicinae) . . . . 2 2a. Siphon with one pair of seta 1-S (Fig. 3a) . . . 3 b. Siphon with at least three pairs of seta 1-S (Fig.  3b) (Fig. 4a) (Fig. 4b) 4a. Comb scales arising from a sclerotized plate (Fig. 5a ), head longer than wide (Fig. 6a) (Fig. 5b) , head at least as wide as long (Fig. 6b) 2a. Setae 9-and 10-M,T feathered (Fig. 8a) ; palatal brush (PBr) projecting at right angle to long axis of head capsule (Fig. 9a) . . . . . . . . . 3 b. At least either seta 9-or 10-M,T simple (Fig.  8b) ; palatal brush, when fully extended, projecting obliquely to long axis of head capsule (Fig. 9b) (Fig. 10a) (Fig. 10b) . . . . . . . . . . . . . turkhudi 4a. Both seta 9-and 10-M simple (Fig. 11a) . . . . 5 b. Either seta 9-or 10-M simple, the other feathered (Fig. 11b) . . . . . . . . . . . . . . . . . . 7 5a . Both setae 9-and 10-T feathered (Fig. 12a) (Fig. 12b) . . . . . . 6 6a. Posterior accessory tergal plates absent (Fig.  13a) ; seta 1-P not on tubercle (Fig. 14a) (Fig. 13b) ; seta 1-P on tubercle; (Fig. 14b) . . . . . dthali 7a. Both setae 9-and 10-T feathered (Fig. 15a) (Fig. 15b) . . . . 10 8a. Seta 1-P without or with very poorly developed tubercle; if tubercles present, setae 1,2-P on separate tubercles (Fig. 16a) . . . . . . multicolor b. Seta 1-P with well developed tubercle; setae 1,2-P on fused or separate tubercles (Fig. 16b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 9a . Seta 1-II small, leaßets with well-developed shoulders (Fig. 17a) ; basal tubercles of setae 1,2-P often fused (Fig. 18a) . . . . pretoriensis b. Seta 1-II poorly developed (Fig. 17b) ; basal tubercles of setae 1,2-P often separated (Fig. 18b) (Fig. 19a) ; seta 2-X with all branches straight (Fig. 20a) thirds the distance between bases of seta 1-V (Fig. 19b) ; seta 2-X with at least some branches hooked (Fig. 20b) .
. . . . sergentii
Key to Species of Culex and Lutzia
1a. Siphon as long as or shorter than segment X (Fig. 21a) ; pecten extending to apex of siphon; lateral palatal brushes thin and strongly developed for grasping (Fig. 22a) (Fig. 21b) ;
pecten not extending to apex of siphon; lat- eral palatal brushes with Þlamentous elements (Fig. 22b) (Fig.  23a) ; seta 1-S with two or more anterolateral elements, Ϸ20 posterolateral setae and two setae on distal two thirds; (subgenus Maillotia) (Fig. 24a) . . . . . . . . . . . . . . arbieeni* b . Seta 4-X without precratal setae (Fig. 23b) ; seta 1-S without anterolateral elements and at most eight posterolateral elements (Fig.  24b) (Fig. 25a) . . . . pusillus b. Seta 1-S in single posterior or paired posterolateral row with one or more lateral setae (subgenus Culex) (Fig. 25b) . . . . . . . . . . 4 4a. Siphon with 6 Ð 8 seta 1-S, two arising before end of pecten, 5Ð7 arising along posterior midline and one borne laterally (Fig. 26a) . . . . . . 5 b. Siphon with at most six seta 1-S, 1Ð3 lateral and 2Ð 4 posterolateral (Fig. 26b) . . . . . . . . . 6 5a. Seta 2-X with at most three branches (Fig. 27a) ; seta 6-VI double (Fig. 28a) . . . . . mattinglyi b. Seta 2-X with at least four branches (Fig. 27b) ; seta 6-VI single (Fig. 28b) . . . . . . laticinctus 6a. Seta 1-C stout, much thicker than branches of setae 5-and 6-C (Fig. 29a) ; distal pecten spines with seven or more denticles of similar size (Fig. 30a) . . . . . . . . . . . . . . . . . . . 7 b . Seta 1-C long and slender, scarcely if at all thicker than branches of setae 5-and 6-C (Fig. 29b) ; distal pecten spines with 2Ð5 denticles of different sizes (Fig. 30b) . . . . . . 8 7a. Seta 5-C with three branches (Fig. 31a) ; seta 1-S longer than diameter of siphon at point of attachment (Fig. 32a) . . . . tritaeniorhynchus b. Seta 5-C with Þve or six branches (Fig. 31b) ; seta 1-S 1.5Ð2.0 times diameter of siphon at point of attachment (Fig. 32b) . . . . . sitiens 8a. Some comb scales spinelike, with pointed apex and fringe at sides (Fig. 33a) . . . . . . . . . . 9 b. All comb scales evenly fringed at sides and apex (Fig. 33b) . . . . . . . . . . . . . . . . . . . . . 11 9a. Seta 5-C with three or four branches (Fig. 34a) ; seta 1-S with Ͼ4 branches close to posterior midline (Fig. 35a) (Fig. 34b) ; seta 1-S with 1Ð 4 branches more lateral in position (Fig. 35b) (Fig. 36a) ; pecten about one-third of siphon length (Fig. 37a) 
